We aimed to describe the epidemiology of Rapid Response Team (RRT) activation in New Zealand public hospitals. We undertook a prospective multicentre observational study of RRT activations in 11 hospitals for consecutive 14-day periods during October-December 2014. A standardised case report form was used to collect data on patient demographics, RRT activation criteria and timing, vital signs on RRT arrival, team composition and intervention, treatment limitation and patient outcome at day 30. Three hundred and thirteen patients received 351 RRT calls during the study period. Patients were admitted under a medical specialty in 177 (56.5%) instances. Median duration from hospital admission to first RRT call was two days. Eighty-six percent of RRT calls were to inpatient wards. A total of 43.4% of RRT calls occurred between 0800 and 1700 hours (38% of the day) and 75.5% of RRT calls were activated by ward nurses. A median of three staff attended each call. Common triggers for RRT activation were increased Early Warning Score (56.2%) and staff concern (25.7%). During the RRT call, 2.8% of patients died; 19.8% died by day 30. New 'Not For Resuscitation' orders were written in 22.5% of RRT calls. By day 30, 56.2% of patients had been discharged home alive. In conclusion, RRTs in New Zealand are multidisciplinary, mostly nurse-activated and predominantly respond to deteriorating medical (rather than surgical) patients. Most patients remain on the ward. The RRT frequently implements treatment limitations. Given almost one in five patients die within 30 days, over half of whom die within 72 hours of RRT review, surviving the RRT call may provide false reassurance that the patient will subsequently do well.
The Rapid Response Team (RRT) is now a common safety feature of many modern hospitals 1 . RRTs were developed to provide a rapid response to acute physiological deterioration in ward patients by clinicians with acute care skills. In a recent large study, the ability to both detect physiological deterioration and provide an escalated clinical response was associated with a reduction in both in-hospital cardiac arrest rates and hospital mortality 2 . Although the RRT was first described in Australia twenty years ago 3 , its adoption in New Zealand has been both sporadic and reactive, in some cases only following investigation of adverse patient outcomes 4 .
Previous studies indicate that both the calling criteria used to identify patient deterioration 5 and the hospital resources available to respond to such events shows significant variability across the country 6 . New Zealand hospitals predominantly use an Early Warning Score (EWS) model for identifying patient deterioration, where a score is assigned to different physiological parameters 5 . Scores increase the more each parameter deviates from normal. Increasing scores mandate review by medical and/or nursing staff with increasing levels of skill in the care of critically unwell patients. Some centres also use single extreme parameters (for example, a systolic blood pressure less than 70 mmHg) to trigger immediate review by the RRT. In centres with Intensive Care Units (ICUs), this team often includes one or more members of staff from the ICU 7 .
Literature describing the epidemiology of RRT patients in other healthcare systems is increasing [8] [9] [10] , but in New Zealand the activities of RRTs and the epidemiology of the patients they see remains largely unknown. Accordingly, we conducted a prospective observational study on the characteristics and outcomes of patients subject to RRT review in 11 New Zealand hospitals over a two-week period. Specifically, we explored the characteristics of patients who require RRT review, the interventions performed by the team who attends them, and subsequent patient outcomes.
Methods

Study design
We performed a prospective multicentre observational study of RRT activations in 11 hospitals throughout New Zealand. Data were collected on all RRT calls over a consecutive 14-day period between October and December 2014 (due to variable timing of ethics approval the 14-day periods were not simultaneous across all sites). A dataset was chosen to determine why patients require RRT review, who initiates RRT activation and when, who attends the subsequent RRT review, the interventions they perform, and patient outcome 30 days after their first RRT encounter.
Site recruitment and method of data collection
Expressions of interest in participation were sought using the Australian and New Zealand Intensive Care Society (ANZICS) email list for all New Zealand sites with an RRT. All respondents were asked to complete a brief electronic survey providing demographic data about their current RRT service. This included questions on RRT composition, team availability, number of RRT calls and data that were routinely collected. This information was used to produce a standardised Case Report Form (CRF) that was distributed to participating sites along with a data dictionary. As the study was unfunded, the CRF was adapted to include only data that were already collected at each site to reduce additional workload. Ethics approval was obtained from the Central Health and Disability Ethics Committee (reference 14/CEN/143) that included waiver of individual patient consent. The study was prospectively registered with the Australian New Zealand Clinical Trials Registry (reference ACTRN12614000951651).
Twelve hospitals from ten of New Zealand's 20 District Health Boards (government-funded public hospitals) agreed to submit data; one subsequently withdrew prior to commencement due to process issues, leaving 11 participating hospitals. All but one had an on-site ICU, six of which were tertiary level (of which one was solely paediatric).
Details of data collected and analysis
A CRF was completed (see Appendix 2) by attending staff at the time of, or immediately after, the RRT call. The CRF contained data on patient demographics, information around the RRT call itself (who called, where, when and why, and who attended) as well as any interventions performed, outcomes of the call, and any treatment-limiting decisions made by the RRT. Treatment limitation was defined as any intent other than 'full unrestricted treatment' that was initiated by the RRT after their attendance. The patient National Health Index identifier (NHI-a unique alphanumeric code assigned to all patients upon their first encounter with the New Zealand healthcare system) was recorded. Data collectors at each site entered each CRF into a site-specific Excel spreadsheet template (Microsoft, Richmond, USA). They used the supplied NHI to determine the date of admission to hospital and patient outcome at day 30 after the initial RRT call. If the patient died before day 30, the date of death was recorded. Each site then de-identified the data and submitted it electronically to the lead investigator for collation and analysis. Adult patients were defined as age ≥18 years at time of first RRT call. All data were analysed collectively and independent of the contributing site. Only the investigator at each site had access to identifiable data for their site. The lead investigator and co-authors had access to all aggregate data. All data were stored electronically on a passwordprotected computer. Analysis of physiological data was restricted to adult patients only.
Statistical analysis
Descriptive statistics are presented as means with standard deviation or medians with interquartile range (IQR) depending on the data distribution. Categorical data are presented as raw numbers and percentage. In cases where data were missing, no assumptions were made about missing data.
Results
Details of RRT caseload and patient demographics
Three hundred and thirteen patients received 351 RRT calls over the study period of 14 days. The median (IQR) number of RRT calls per site was 28 (IQR 8-58). This equated to an average of one RRT call every 10.5 hours (total range 5.3-84 hours). Fifty-one percent of patients were female. The median age of adult patients was 68 years (IQR 53-68). Eighteen patients (5.8%) were less than 18 years old (of whom nine were from the single tertiary paediatric hospital). Ninety-one patients (29%) were aged 80 or older, 18 (5.8%) aged 90 or older.
One hundred and seventy-seven (56.5%) patients were admitted to hospital under a medical specialty and 112 (35.8%) were admitted under a surgical team. Twelve patients (3.8%) were under the care of emergency medicine and 2 (0.6%) under the care of psychiatry at the time of their RRT call.
A total of 89.5% patients received a single RRT call; 9.3% received two, 1% received three and a single patient (0.3%) received four during the study period. For patients receiving multiple RRT calls, the median duration between the first and second was 21 hours 53 minutes (IQR 6 hours 4 minutes-61 hours 43 minutes) and between the second and third, 67 hours 58 minutes (IQR 12 hours 26 minutes-150 hours 13 minutes).
The median duration from hospital admission to first RRT call was two days (IQR 0-4 days). Figure 1 shows the distribution of duration from admission to first RRT call, and from first RRT call to discharge.
Eighty-six percent of RRT calls were to an inpatient ward. The remaining 14% included both clinical (7.4% in the emergency department [ED], 3.7% in Outpatients, 1.4% in angiography, theatres and post anaesthesia recovery) and non-clinical areas (1.4%-including lifts and car parks).
A total of 43.4% percent of RRT calls occurred during 'office hours' (0800 to 1700 hours-38% of the day); 31.3% occurred during the weekend (being 28.5% of the week).
There were almost 60% more calls on a Sunday (17.1%) compared to a Monday (10.8%). The peak hour for RRT calls was between 1400 and 1500 hours (7.1% of all calls); RRT calls were least frequent between 0700 and 0800 hours (1.7%).
RRT activation and the responding team
Ward nurses activated the greatest proportion of RRT calls (75.5%) followed by medical staff (in descending order of frequency: registrars 9.1%, house officers 5.1% and consultants 3.1%). The outreach nurse (a non-ward based nurse with critical care skills) initiated 3.7% of all RRT calls. A single RRT call (0.3%) was initiated by a family member and none were patient-initiated.
Attendees at the RRT were predominantly the outreach nurse (86.3% of all RRT calls) followed by an ICU junior doctor (83.2%) and a medical junior doctor (75.8%). The primary team doctor (junior or senior) was present at 21.7% of all calls. Other attendees included an ED doctor (6.6%), an ED nurse (3.1%) and an anaesthetist (2.6%).
In total, 987 hospital staff attended 351 RRT calls; a median of three (IQR 2-3) staff per call.
RRT triggers and physiology
Five hundred and five triggers were reported for 351 RRT calls with a median of 1 (IQR 1-3) triggers per call. The most common trigger for RRT activation was an increased EWS (56.2%) followed by staff concern (25.7%), a decreased level of consciousness (23.8%), and then 'respiratory' or 'cardiovascular failure' (not arrest) (15.6% each). The latter more subjective triggers were determined from the diagnosis made by the attending RRT. Other triggers included cardiorespiratory arrest (7.3%), severe pain (4.8%), and bleeding (4.1%).
Physiological data were excluded from analysis for the 18 patients aged less than 18 years old leaving a dataset from 333 RRT calls. A summary of these data is shown in Table 1 . The frequency distribution of systolic blood pressure, respiratory rate, heart rate, and oxygen saturation values is shown in Figure  2 . The predominant cardiac rhythm reported was sinus (52.6%), followed by atrial fibrillation (15.9%), and 26.1% of records had no cardiac rhythm documented. A neurological assessment was documented in 313 (94.0%) of all RRT calls to adults with 64.8% of patients documented as being either 'Alert' (using an 'AVPU' scoring system-Alert, Voice, Pain, Unresponsive) or having a Glasgow Coma Scale score (GCS) of 15. Conversely, 9.9% of patients were documented as being either 'Unresponsive' or as having the lowest possible GCS of 3.
RRT interventions
A total of 841 interventions or investigations were performed by the RRT with a median of 2 (IQR 1-4) per RRT call. The most frequent interventions were oxygen administration (44.2% of all RRT calls), intravenous fluid administration (37.9%), intravenous or intraosseous line insertion (16.2%), and bag-mask ventilation (9.1%). An electrocardiogram was performed at 41.9% of all RRT calls, an arterial blood gas at 27.4% and a chest X-ray was obtained at 19.7%. Chest compressions were performed at 5.1% of all RRT calls.
RRT outcomes, treatment limitations and patient outcomes
Ten (2.8%) patients died during the RRT call. Of those alive at the end of the RRT call, 13.1% were admitted to an ICU or High Dependency Unit (HDU), 11.1% were transferred to another ward (non-ICU/HDU) and 70.7% remained on the ward. Outcomes immediately after RRT review were not recorded for eight patients (2.3%). 8 .9% had been transferred to another hospital, 3.8% were in a nursing home or supported accommodation and 2.9% were in a rehabilitation facility. Fifty-six percent of patients had been discharged home alive. Figure 3 shows the Kaplan-Meier survival analysis for all patients.
Discussion
Summary of findings
This study is the first analysis of RRT activity in the New Zealand healthcare system and has wide national coverageover half of all hospitals and all but two tertiary institutions submitted data. We found the majority of patients were under the care of medical specialties at the time of their RRT call and that a small number of patients (10 percent) received multiple RRT calls during the 14-day study period. A disproportionate number of RRT calls occurred during daylight hours. We also found RRT call activation peaked during the first few days of admission. Almost three-quarters of patients remained on the ward at the end of the RRT. Finally, one-fifth of patients reviewed by the RRT died in hospital, often several days after the RRT call occurred.
Study strengths and limitations
Our study has a number of strengths. Data were collected prospectively using a standardised format with completion by the team attending the RRT. Data were collected as soon as possible after the event to minimise recall bias. Multiple sites contributed data. Although the study times were nonsynchronous, all data collection occurred within a threemonth interval, reducing potential seasonal variation in acute presentations. The unique patient identifier allowed follow-up of all patients to 30 days post their initial RRT call.
Study limitations include an inability to identify missed RRT calls (patients who should have received an RRT call during the study period but where none was activated) or for missed RRT data (patients who received an RRT call but no data collection form was completed). As such, the dataset may be incomplete. We also did not collect data during the study period on denominator admissions (to allow us to report RRT rates per 1000 admissions as per international standards) or non-RRT patients (to allow comparisons of hospital lengthof-stay and 30-day outcomes). Due to large variability in the number of RRT calls reported from different hospitals, we did not perform any inter-site comparisons. Although our study was multicentre it was not multinational; as such the external validity of our findings may be less applicable outside a New Zealand setting.
Implications for clinicians and policymakers
Over three-quarters of RRT calls were initiated by members of the nursing staff. Nurses are most likely to obtain the vital signs that contribute to calculation of the EWS, which accounted for over 50% of RRT activations. Almost one in five RRT calls were initiated by medical staff. This finding is encouraging as it may reflect a system where doctors of all grades feel able to call for help. The finding of only a single family activation, although increasing in use elsewhere 11 , reflects the paucity of such systems within New Zealand hospitals at the time of the study. The disproportionate RRT activation during working hours suggest that recognition of patient deterioration may be increased during this period (rather than pathology being more prevalent). This diurnal variation is consistent with RRT activation patterns described in both New Zealand and other healthcare systems 9, 12, 13, 19 . Patients in continuously monitored environments (such as ICUs) show no diurnal variation in patterns of deterioration 14, 15 . An activation system triggered by vital signs will inevitably show a variance based around patterns of when these are measured 16 . The peak of RRT activation during the first few days of admission may be due to a number of factors. These include a failure of triage (high acuity patients being incorrectly admitted to lower acuity areas), continued patient deterioration despite treatment for the acute process for which they were admitted, or simply additional vigilance from an increased frequency of monitoring during the earlier part of their hospital admission. However, such patients have been shown to do better than those who require RRT review later in the admission 17 .
Our study highlights the high resource requirements associated with RRT response. One site reported an RRT call almost every five hours which, with a median attendance of three staff per RRT, represents a significant burden that is largely borne by critical care services. Although data regarding sources of funding were not part of this study, we have previously reported that funding for additional resources to cover these frequent events is limited within the New Zealand healthcare system 6 . Most RRT members are likely to be attending these events alongside their primary role-as such, this time may represent a significant impact on service provision elsewhere within the hospital.
Although the majority of patients survived the RRT call, almost one in five died within 30 days. This is comparable to a large Australian study that reported 25% in-hospital mortality for patients who received an RRT call 18 . Over half of those who died did so within three days of their first RRT call. This may be an effect of treatment limitation initiated either by the RRT (almost one in three patients) or by their parent team post-RRT call, or conversely may represent suboptimal escalation to ongoing critical care after RRT activation. If the latter, this raises the possibility of both the admitting team and the RRT attendees being falsely reassured that patients who survive the RRT may now be 'safe'. In reality one in ten RRT patients died within three days.
Just over half of all RRT patients were discharged home by day 30. The predominance of tertiary institutions within our sample is reflected in the finding that 9% of RRT patients were discharged back to another hospital. Almost one in ten patients were discharged to nursing homes, supported accommodation, or rehabilitation facilities. This is likely due to the prevalence of elderly patients in the sample (one in four aged 80 or over). The fact that so many elderly patients required the attention of the RRT may reflect a persistent binary system of decision-making (either 'for' or 'not for' resuscitation) rather than a more nuanced 'goals of care' approach. As the primary team were only present at the RRT call 22% of the time, the current system relies on the RRT, who are unlikely to have met the patient before, to make significant reactive decisions about the patient after clinical deterioration has occurred. This likely yields poorer patient experiences than a more proactive approach of determining realistic treatment goals with the patient on hospital admission. 
